Introduction {#Sec1}
============

Renin angiotensin aldosterone system (RAAS) plays a significant role in systemic blood pressure control. Several studies have shown its importance since renin was first discovered in 1898 by Tigerstedt and Bergman \[[@CR1]\]. Subsequently, Goldblatt et al. \[[@CR2]\] first demonstrated the development of hypertension in dogs when renal artery stenosis was experimentally induced. The compounds responsible for this were consequently isolated, initially named hypertensin, but eventually named angiotensin \[[@CR3]\]. Eventually, through concerted efforts of various scientist groups, the whole cascade was progressively discovered. The first of the RAAS inhibitors to be introduced for widespread human use for hypertension were angiotensin-converting enzyme (ACE) inhibitors. The first ACE inhibitor approved by the FDA was captopril in 1981 \[[@CR4]\]. Several ACE inhibitors have since been synthesized and are in clinical use currently. Angiotensin receptor blockers (ARBs) were discovered more than a decade later with the first ARB losartan being approved by the U.S. Food and Drug Administration in 1995 \[[@CR5]\]. Both these classes of medications are used as anti-hypertensive agents in a variety of clinical conditions including essential hypertension, coronary artery disease, congestive heart failure, and chronic kidney disease. Over the past 40 years, a wealth of data has been produced from a number of well-designed trials regarding their impact on disease outcomes as well as their side effect profiles. Regarding side effects, the results disfavor ACE inhibitor use, because although the overall incidence is rare, angioedema-related deaths from these agents are significantly more frequent as compared to ARBs. It is in this context that if we conclude the benefits on outcomes are equivalent between ACE inhibitors and ARBs, then agents from these two classes should definitely not be considered interchangeable. The question therefore being posed is, should ACE inhibitors ever be used to treat hypertension?

Mechanisms of Action {#Sec2}
====================

The therapeutic benefit of ACE inhibitors and ARBs is derived from their ability to disrupt RAAS, albeit the mechanism by which this occurs differs by class. The cascade of RAAS initiates the production of renin from the juxtaglomerular apparatus of the kidneys (Fig. [1](#Fig1){ref-type="fig"}). Renin then converts angiotensinogen produced in the liver to angiotensin I. Angiotensin I is subsequently cleaved by angiotensin-converting enzyme to angiotensin II. Angiotensin II acts via the AT1 receptor to directly promote vasoconstriction as well as sodium reabsorption in the proximal tubule of the kidney and via the AT2 receptor to stimulate aldosterone release from the adrenal cortex. Aldosterone independently acts in the distal nephron to regulate sodium and potassium homeostasis; in addition, aldosterone promotes end-organ fibrosis in the kidneys, heart, and vasculature, among other organ systems \[[@CR6]\]. ACE inhibitors block the activity of angiotensin-converting enzyme, thereby preventing the conversion of angiotensin I to angiotensin II. Inhibition of this enzyme also disrupts the breakdown of bradykinin, which in turn promotes vasodilation through the kinin-kallikrein-bradykinin system. Elevated bradykinin is implicated in the pathogenesis of ACE inhibitor-induced cough and angioedema. Alternatively, ARBs directly inhibit the binding of angiotensin II to AT1 receptors. Unlike ACE inhibitors, ARBs do not significantly affect bradykinin levels, and therefore, cough and angioedema are much less common.Fig. 1Mechanism of action of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; AT1, angiotensin II receptor type 1; AT2, angiotensin II receptor type 2; ACE2, angiotensin-converting enzyme 2

ACE Inhibitor Versus ARB Efficacy for BP Lowering {#Sec3}
=================================================

Drugs that inhibit RAAS were originally designed for the purpose of lowering blood pressure. Given the mechanisms by which ACE inhibitors and ARBs reduce blood pressure are unique for each class, significant research efforts have focused on understanding their differences. The ONTARGET trial directly compared the blood pressure lowering efficacy of ramipril at a dose of 10 mg daily with that of telmisartan at a dose of 80 mg daily \[[@CR7]\]. The mean blood pressure reduction at 6 weeks was − 7.5/− 5.0 mmHg in the group receiving telmisartan and − 6.4/− 4.3 mmHg in the group receiving ramipril, demonstrating that telmisartan was non-inferior to ramipril for lowering blood pressure in patients with vascular disease or diabetes. In another head to head study, fixed dose olmesartan 40 mg in combination with amlodipine 10 mg demonstrated superior central systolic blood pressure lowering and 24 h ambulatory blood pressure lowering effects when compared to fixed dose perindopril 8 mg in combination with amlodipine 10 mg \[[@CR8]\]. Additionally, the newer ARB agent azilsartan was shown to be superior to ramipril for blood pressure lowering efficacy \[[@CR9]\]. In elderly individuals (65--89 years old), olmesartan had a greater effect on lowering 24 h ambulatory blood pressure than did ramipril \[[@CR10]\]. Finally, in a systematic review of 47 head to head studies that reported comparative blood pressure effects between ACE inhibitors and ARBs, 37 demonstrated no difference, 2 favored ACE inhibitors, and 8 favored ARBs \[[@CR11]\]. There was no overall significant difference between ACE inhibitors and ARBs in the pooled analysis. Together, these data overwhelmingly conclude that the anti-hypertensive effects of ARBs are not inferior to ACE inhibitors.

ACE Inhibitor Versus ARB on Clinical Outcomes Areas of More Controversy {#Sec4}
=======================================================================

Reducing Cardiovascular Events {#Sec5}
------------------------------

The ARB myocardial infarction paradox theorizes that not only are ARBs inferior to ACE inhibitors for reducing cardiovascular events but ARBs may actually increase these risks \[[@CR12]\]. This theory originated in 2004 following the release of results from the VALUE trial, which compared reductions in cardiovascular morbidity and mortality between valsartan and amlodipine \[[@CR13]\]. The group treated with valsartan had a 19% relative increase in myocardial infarctions as compared to those treated with amlodipine (*p* = 0.02). Similar findings were reflected in previous placebo-controlled ARB trials at that time. The CHARM-alternative trial reported a 36% relative increase in myocardial infarctions with candesartan versus placebo in congestive heart failure (CHF) population, and the SCOPE trial demonstrated a non-significant trend toward higher myocardial infarctions in elderly subjects with hypertension who received candesartan versus placebo \[[@CR14], [@CR15]\]. These results were in stark contrast to previous placebo-controlled trials with ACE inhibitors that demonstrated consistent cardioprotective benefits in various populations. More recently, a number of indirect comparisons with pooled analysis of several randomized placebo control trials have been done to further elucidate whether ACE inhibitors and ARBs have differing effects on the risk of myocardial infarction \[[@CR16]--[@CR19]\]. These data also suggest a superior benefit of ACE inhibitors over ARBs for the reduction of myocardial infarction and/or cardiovascular death.

However, while the theory of the ARB myocardial infarction paradox has persisted, it is important to recognize that the abovementioned data are only part of the story, and despite it, there is still good reason to believe that ACE inhibitors and ARBs are in fact similar in their impact on myocardial infarction. First, it is important to recognize that a generational gap exists between many of the ACE inhibitor placebo-controlled trials versus the ARB placebo-controlled trials. Most of the ACE inhibitor trials occurred prior to the year 2000, and most of the ARB trials occurred after the year 2000. This results in important differences between the standard clinical practices in place for primary and secondary prevention of cardiovascular events, namely statins and effective blood pressure management. Due to this, event rates in a study population from the 1980s and 1990s are likely to be vastly different from those in the 2000s and 2010s. This was demonstrated in the meta-analysis by Bangalore, which reported placebo-controlled trials conducted before the year 2000 (which were most of the ACE inhibitor trials) had higher event rates in the control group as compared to those conducted after the year 2000 (which were most of the ARB trials) (event rate 10.5% pre-2000 versus event rate 5.0% post-2000) \[[@CR16]\]. The authors conducted a sensitivity analysis restricting the comparison of placebo-controlled ACE inhibitor and placebo-controlled ARB studies only to those conducted after the year 2000, and this showed similar cardiovascular event outcomes between the two anti-hypertensive classes. More importantly, we now have well-designed head to head randomized trials comparing the effects of myocardial infarction and cardiovascular death from ACE inhibitors and ARBs. The largest of these is the ONTARGET trial where more than 17,000 subjects were randomized to receive either telmisartan or ramipril as monotherapy \[[@CR7]\]. In this study, there was no difference in the incidence of myocardial infarction or cardiovascular death observed between the two agents. Finally, in the previously mentioned Bangalore paper, a separate meta-analysis of the only head to head trials between ACE inhibitors and ARBs also showed no difference in the risk for myocardial infarction or cardiovascular death between the two classes \[[@CR16]\].

While debate still exists regarding the differences of ACE inhibitors versus ARBs on the reduction of myocardial infarction and cardiovascular death, we feel the complete story of these data concludes there is truly no difference between the two classes.

First-Line Therapy in Heart Failure with Left Ventricular Dysfunction {#Sec6}
---------------------------------------------------------------------

The role of ARBs as first-line therapy in the treatment of heart failure with left ventricular dysfunction is also controversial. Both European and American guidelines state that ARB therapy in heart failure with reduced ejection fraction (HFrEF) should be reserved for those who are either intolerant of ACE inhibitors or who remain symptomatic despite ACE inhibitor therapy, and in the latter scenario, subjects with HFrEF should be treated with an ARB in the form of an angiotensin receptor neprilysin inhibitor \[[@CR20], [@CR21]\]. These guidelines stem from differences in the robustness of available data on the all-cause mortality benefit from treatment with ACE inhibitors versus treatment with ARBs in heart failure trials.

In patients with left ventricular dysfunction, ACE inhibitors have consistently shown significant reductions in both cardiovascular morbidity and mortality as well as all-cause mortality in placebo-controlled trials \[[@CR22]--[@CR25]\]. Because of these known mortality benefits of ACE inhibitor treatment in HFrEF, the subsequently undertaken heart failure studies using ARBs could not ethically be designed as placebo control trials in which ACE inhibitor therapy was excluded outright in the placebo group. For this reason, there is much less available data assessing the all-cause mortality benefit of ARBs as compared to placebo in subjects not taking an ACE inhibitor. However, the limited data that does exist argues that the benefit is equal. The CHARM-alternative trial, which compared candesartan to placebo in patients with HFrEF who were intolerant to ACE inhibitors, reported a significant reduction in cardiovascular mortality, CHF hospitalizations, and all-cause mortality similar to those seen with previous ACE inhibitor trials \[[@CR15]\]. Additionally, in randomized trials designed to compare ACE inhibitors and ARBs head to head in patients with HFrEF, the impact on all-cause mortality, as well as cardiovascular mortality and morbidity, was similar \[[@CR26], [@CR27]\]. Finally, in a recently published network meta-analysis of 57 randomized control trials conducted over the past 30 years, a similar impact on all-cause mortality for ACE inhibitor and ARB therapies was reported \[[@CR28]\]. Therefore, despite the limited availability of data for all-cause mortality reduction with ARBs in HFrEF, there still exists enough credible evidence to conclude that ARB agents provide a similar benefit as compared to ACE inhibitors for all-cause mortality, as well as other outcomes, in HFrEF. It is therefore reasonable to conclude these agents could be used interchangeably as first-line therapy solely based on their efficacy to impact outcomes.

ACE Inhibitors Versus ARBs on Clinical Outcomes Areas of More Consensus {#Sec7}
=======================================================================

Renal Outcomes {#Sec8}
--------------

Robust data support the benefit of using either ACE inhibitors or ARBs on improving renal outcomes in patients with chronic kidney disease with proteinuria. In those with diabetes and either microalbuminuria with preserved glomerular filtration rate or diabetes with chronic kidney disease (CKD), ACE inhibitors have demonstrated benefit in reducing proteinuria, slowing progression of the disease, and delaying the time until reaching end-stage kidney disease in multiple studies \[[@CR29]--[@CR33]\]. Angiotensin receptor blockers have shown similar benefits on renal outcomes in diabetics, albeit, the majority of these data are in type 2 diabetics \[[@CR34]--[@CR36]\]. In non-diabetics with CKD and proteinuria, improvement in renal outcomes has been demonstrated with ACE inhibitors; however, studies with ARBs in this population are notably lacking \[[@CR37], [@CR38]\]. In head to head studies, ACE inhibitors and ARBs had a similar benefit on renal outcomes in those with CKD \[[@CR39], [@CR40]\]. Overall, there is no compelling evidence to suggest that there is superiority in renal outcomes in ACE inhibitors compared to ARBs.

Stroke Prevention {#Sec9}
-----------------

For those subjects who have previously had an ischemic stroke or transient ischemic attack, blood pressure reduction with anti-hypertensive medications is critical for secondary prevention. Data from the HOPE study showed that ramipril is beneficial for secondary prevention of stroke based on subgroup analysis \[[@CR41]\]. The PROGRESS study showed the combination of the ACE inhibitor perindopril plus the thiazide diuretic indapamide to be more effective at blood pressure lowering and prevention of recurrent stroke than perindopril alone \[[@CR42]\]. Meanwhile, data from the ONTARGET study showed no difference in primary stroke prevention between telmisartan and ramipril \[[@CR7]\]. There is a dearth of data available to directly compare the impact of ACE inhibitors versus ARBs on secondary stroke prevention, but overall, the consensus based on extrapolation from previous trials is that ACE inhibitors and ARBs are equal in this regard. This sentiment is also reflected in the 2017 ACC/AHA/HFSA Hypertension guidelines \[[@CR43]\].

ACE Inhibitors Versus ARBs Adverse Events {#Sec10}
=========================================

The most common side effect in patients using ACE inhibitors is cough. Although not conclusive, it is thought to be induced by high levels of bradykinins due to inhibition of its degradation to inactive peptides. The reported incidence of cough with ACE inhibitors varies widely in different studies but is generally accepted to be around 5--20% \[[@CR44]\]. The incidence is higher among Asian populations. A meta-analysis by Matchar et al. showed that among randomized controlled trials in the analysis, the rate of cough in ACE inhibitors group was 9.9% while ARBs group had a rate of 3.2% (absolute risk difference of 6.7%) \[[@CR11]\]. Angioedema is another complication of RAAS blockers. Although it occurs with much less frequency, it is a much more serious complication. In a meta-analysis by Makani et al., the incidence of angioedema with ACE inhibitors was 0.3% (95% CI 0.28--0.32), while the incidence with ARBs was 0.13% (95% CI 0.08--0.19) \[[@CR45]\]. The risk of angioedema was twice as high in ACE inhibitors as compared to ARBs (RR 2.2, 95% CI 1.5--3.34, *p* \< 0.0001). There was no statistically significant difference between ARBs and placebo. Other reported side effects with RAAS blockers include hyperkalemia and acute kidney injury (AKI); while these are rare in patients with normal renal function, the incidence progressively increases in patients with advancing stages of kidney disease. The burden of these adverse events is equal between ACE inhibitors and ARBs.

Cost and Availability {#Sec11}
---------------------

One of the main reasons cited in favor of ACEi use in the past was the cost difference that existed. In the 1990s, ACEi had already become generic while ARBs were just introduced and were much more expensive. As previously mentioned, losartan was the first ARB to be approved by the FDA in 1995. It is also the first ARB to be made generic in 2010. Since then, the majority of ARBs have been made available as generic formulations as well and the prices have significantly dropped. Although the prices vary quite significantly even within ACE inhibitors and ARBs, and whether they are generic or branded, the most used generic preparations are comparable in price between these groups and are equally affordable. Hence, currently, when considering only the price of these medications in the generic market, there is no clear winner.

In general, the availability of ACE inhibitors and ARBs is similar in the USA and other developed countries. However, it is worth mentioning that in 2018 and 2019, a series of recalls involving three ARB agents, valsartan, losartan, and irbesartan, did have a temporary impact on the supply of these drugs \[[@CR46]\]. The basis of these recalls involved the presence of probable carcinogens that were introduced through manufacturing processes from two factories in China and India. Production of valsartan, losartan, and irbesartan from other manufacturers did not contain the identified carcinogens, and therefore, the recall did not remove the availability of these drugs from the market in their entirety. In total, about one-sixth of drug companies producing ARBs in the USA were impacted.

ACE Inhibitor and ARB Use During the Current COVID-19 Pandemic: Where Do We Stand? {#Sec12}
==================================================================================

It is now well established that angiotensin-converting enzyme 2 (ACE2) acts a receptor for SARS-COV2, the virus responsible for COVID-19, and enables its entry into cells \[[@CR47]\]. ACE2 is a homologous enzyme to ACE and converts angiotensin II into angiotensin 1--7 which has vasodilatory properties. Several observational studies during the pandemic have noted that patients with hypertension are more susceptible to COVID-19 infections and its complications including severe respiratory illness, ICU stay, and death \[[@CR48], [@CR49]\]. Given what is known about viral entry into cells, an indirect conclusion was drawn that RAAS inhibitors can increase susceptibility to COVID-19 infection by increasing ACE2 levels. However, many studies involving ACE inhibitors and ARBs have shown inconsistent results with ACE2 mRNA and enzyme level expression \[[@CR50], [@CR51]\]. Direct evidence on the infectivity of the virus and its complications in patients taking RAAS blockers is sparse. On the contrary, based on data from a non-COVID-related lung injury, it is postulated that elevated ACE2 levels during COVID-19 infection could be protective of the lung parenchyma, thus preventing more serious illness \[[@CR52]--[@CR54]\]. This has led various organizations including AHA to recommend against discontinuation of ACE inhibitors or ARBs when diagnosed with COVID-19.

Conclusion {#Sec13}
==========

Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers have resulted in significant improvements in outcomes related to congestive heart failure, cardiovascular disease, diabetes, stroke, and kidney disease. It goes without saying that the widespread use of these therapies has saved a countless number of lives. However, as we look toward the future, it is important to ask how we can continue to maximize the benefits and minimize the risk of therapies related to RAAS inhibition. It appears we may now be at a critical point in which enough data has amassed to allow us to conclude that the impact on clinical outcomes between ACE inhibitors and ARBs are equivalent, but the risk associated with these agents clearly favors using ARBs.

The loudest arguments against equivalency in outcomes between ACE inhibitors and ARBs have surrounded concerns regarding higher myocardial infarction risks with ARBs, the so-called ARB myocardial paradox. However, when the data is critically reviewed in the context of the different event rates that existed due to the generational gap between placebo control ACE inhibitor and ARB trials, in addition to looking at more contemporary data from head to head studies, these arguments do not hold.

Regarding outcomes in HFrEF, there are similar gaps between trials conducted with ACE inhibitors versus ARBs. As a result, there is less robust data regarding the improvement in all-cause mortality with ARBs in HFrEF, despite there being similarities in reductions of cardiovascular death and heart failure hospitalizations. However, when closely examining the few trials that directly address this, including head to head studies and contemporary meta-analysis, the data concludes equal efficacy in all-cause mortality between the two classes in subjects with HFrEF.

On the other hand, the literature consistently demonstrates a small but statistically significant worse side effect profile with ACE inhibitors compared to ARBs. While the overall risk of death from angioedema with an ACE inhibitor is not high, it is high enough that it should still discourage their use over ARBs.

We therefore conclude that the use of ARBs for RAAS inhibition is a superior therapeutic strategy over the use of ACE inhibitors, and clinical practice patterns should shift in this direction.
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